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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method and an apparatus for manufacturing 
fullerenes economically on a large scale in a mass production. 

SOLUTION: In an apparatus 10 for manufacturing fullerenes which apparatus has the 
first reaction zone 13 that forms a high temperature combustion gas flow by supplying 
an oxygen-containing gas and a fuel gas via the first burner 1 2 into a reaction furnace 
1 1 and burning them, and the second reaction zone 16 that is situated in the 
downstream side of the first reaction zone 13, has discharge spouts 15 of the second 
burner 14 for supplying the raw material hydrocarbons into the combustion gas flow and 
produces fullerenes by reacting the raw material hydrocarbons supplied in a gasified 
state in the combustion gas flow, the apparatus is characterized in that the discharge 
spouts 15 of the second burner 14 are formed in the upstream side of the second ; 
reaction zone 16 in great numbers and with clearances therebetween and dispersively 
discharge the raw material hydrocarbons into the combustion gas flow. 
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o tcim v tcw.m>wm%m?x 1 i, amx 
zmte&'g 2 2 tests u/dBm#x > 2 3 . 

Ctl6©S^^XA2 1. 2 3l*«Sl 7 alCjgaie 
gsnri^S., KS^*^x^X;P2 i> £S*4# 
xyX;i/2 3», W*«X7 i >ux»|^©iif^»-c^ 
3nri^„ c©/c». K3S#W^>'X;u2 i3&^6« 
30 n/c^^W^/X £ . ^ X;U 2 3 *^ 

$tifcjss^x£B, mmzntc'&icimm-SLx-m 
tsm-isvimttj: ixm 1 1 3 xmmt s . * i> 
r. 0^3n/tisia©*^^ss«TMJ©m2jgje^ 
« 1 6 iemx-r 4. flwsas 1 7 ©fls^wtaxttw 6n/c 

02 ©^-^--1 4tt. 01)gl&w«l 3*KjlLTiS 

gsn/c^©/j>stta«2 4 <m«. x^->u^m 
m<Dm&mx&&L2tix[,>z) ^e©^ 
/j>sttme2 4©5HSffli«:^6^fctttfipi 5 

tt. ®2JS)^iSl 6©±8SfiiHc^|ffl*#L/-C|HH5n 
40 -C(,^. ^/hSttffi«2 4©»jJ8fflIttm^bK 

sg«*&i5g2 5«:gMU-CV^. C©fcsb. miSJ£^ 

m ic^-icm^m-r z c t &x * 5. 

[0044] #:tt. *^©02 ©JU6©ilf5!Sg{C#4 7 

5- u>s©^j^g i o utc? u>m<om 
m-fi&ic^xmmK.mw-rz. wdk%mti*sx)\>2 

so jjft^fiSL. JSiC^l l©TSStci6j*>orisga3-ti'6. 
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>#X^©^f4#X*tt&©g<l£rig£l,/c#x w 

^mmxzommz o . x«o*jS*.-t9 o*^ 

Skrtxifitit* U < . ®sStiEi©A*©L,M;* 9<D«j^> 6 
U>. MO^ftiltlt 

36*. 75- P>©JR$£±tf £fcaMctt@;tm}a&©:& 

C0045] imrtxt br«. -s^bisat. 
5»#'x^©**f4*;x. »tt&£'©5i*S?Bt{**sm 

8S#X> 5tt#x^©*K*4:tfX#»£ LA>. Jfc77- 20 
[0046]^t, jB$ft#X**B^?r#X©T-CjB* 

imimsfrrz&fr-etmtix s xju 2 3 £{&&-r s 

*^#X©S<!:g^W#X./X.>U2 l^^tii 
xfi*iBH u-c^ 1 1 3 tci&te-tZ <t# 

«1 0-3 00 t o r r©t#?§K:«J$l,-C. HtfL&C* 30 

Kmmsmux;x>v2 1 . mwxsXA>2. 3*>e>» 

«^W^/X tfiCDg^^Xiga«T ^X*SF©^RStt 

#xccj:o#fi3ftT<BTOTc>st tfcjjn^-c. sis 
j^i irt©)i^A^mff*S§tft^-ci^/c«?). mis 
js^ts 1 3 T<ommm*&n&fm!mm tmm. o * 

**3— Kitff Lt, f 1 JSItv^ 1 3 ©SS*^— 

a (fctf.tf. 1 0 0 0 ~ 1 9 0 0 *c, 4fii<»i7o 

0-1 9 0 0*C) CCTSCiAS-C^-S. 
[0 047] m2&fcm® 1 6 CCtt. SI 1 S.fc&® 1 3 

98 1 6 ©±ii6i»J©aSW. P«;Ui> 1 0 0 0-190 
o-cowSiaicfc*. i^bK^tt, SSiKtc3!?8l 3 

£»» 0 xffig 3 n^^^^stta© 2 4 

CCT, /Jt&ti:ttttt2 4ttJII15l&ff 50 
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81 34«ffltri2g$ti-c^5fc*. M^^bTk^i 
>Vmti&'g2 4rt£^4 J tt J P&i*ftTl>S/c«> > ttttl 

#STr-5. *©*§*, ^^©iSu&^ji?^^* 5 ^ 
&£#xdii££«:&8!r L&atfcj&BLT 7 5 - u >fcfc 

©-SB8*SS#*SlfeK:*ac * iSSI 2 Stt^ 1 6 rt"C©S 

gc©^— Dt77-u> ©±jjS$fe£#<gT-r i> tc 

a&. «S«^X4J(D®^SS«, if £ L < » 3 v o 1 %&L 
T. M«c»iO<«0. 05-lvol%t45. 
[0048] t£5fc2*tJ©ttSE© 
fe©*ffifflT-5.C<i:*i-C*. ^>-t?>v l-^x 

>. *'>U>, ^-7^U> V T> h^-fe^©^*!^ 

^tf^cDjisite^iafii^bTKmj&i'dWeti. c*i£> 
«r#i*X«ffiS©S«^rtl^l/rffifflUT«>J:l>. <*i-c 

l<. if-cfe^agi^^bTKS^w^Ktcim^i 
oo%«:ific^5i'm>. 

[0049] mSlCmTZW:. 2fc^©^ 3 ©HSfi© 

^tsm^^fiAstits i a>^-i— 2 7ic«*& 

Vji—j--2 7lcm-C<DfrmyiL. 02©Hife©^fil 
tc«4 y 7 - u >»©^3il9:fii l 0 £ IU-©fl&£g^c 

«i^-©^^o-cifjBinci»is««BS-r s„ m i ©^* 
<f i i©»i 1 3 ic-mmwrntoumz^ ? 

H2 8 £. MF2 8 ©Tgf{CS^6n/cSEM2 9 * 
WL-Ct>-5. -eLT. m2©^'-^--l 4©S/J^Sttm 
§2 4 B. ffl£Kf?r5e©l»lig£l8W-CSJEg 2 9 ©T^ 
2 9 Rtf^ f K 2 8 bJSJCjP 1 lftK 

[0050] CCt. 's»K28« > 0f;U#8M££Ji5$* 
©^fLgmtr^tSnTt^. ^?L®gB*t«> -Ml 

*$ 0 . ^ » F 2 8 OTflKCRtt 6 tltcWKW. 2 9 

^«^fX tmwzz^m'&LtcM^irtx i ur®^ 

Xfi«6ie«f3 0^6#y&r5£. S^X«^-^ F2 8 
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rt©il3i?L*^U-CSES2 9flfi)©E*>6SB 1 KlS??^ 

1 3ffiij(csmL//cM$-c^sbb. m i msttmm 1 3t*3K 
«tti-r3c se-p-c. iBists^i 3rt&c 

ififfl I, 9. IBIKISa? 

X, SB 1 SlE^ii 1 3 iPhffiAT 2>mM.<Dm8t# *%L*P 

<l^£&'h&tttim2 4©tttUPi sa^wt&b-c. 

#f£"E©S83©3l&©^g§K&£:7 7--U> 10 
m<DM3£WLffi 2 6 Ufc? ~> - U >S©SB§;fri£ 
tt. SB2©S?te©»!£SC^*7 7--U>S©i?i§ggl 

o *<s&ffi L/fc^ u >»©«i§:&*£ tsiawtcia d-c 
^©rifclfflftg&WiirBS-rs. 

[oo5i] *mi<Dm4<Dnm<mmtm?>7 

KBiJi2§T3n 3 2fc$*&3ft£ft:«>, SB3 

©5tS6©Jfc@K:&S 7 7 - u>S©S8Jg^S2 6 £SB 1 
©^•-t-3 2 <D«jjga*s& n.n>5ci *si#ia-c* 

^(Dfctb. ^3S*W«cSSri©/^-^-3 2{cot,» 20 
T©*i&51U ^2<DSI!fior>0S|«:^57 5-U>»<Z> 

sb i 3 2 tiB&efe^JS-cfi^sti. iia?L=& 

W^£&*S:^14©^ftS^*>&&-&^ K3 3i, 
^•y K3 3 ©TSiWcgfcW 6 n/cSJE^ 3 4 <t , gJEES 3 
4rtCC«fflP*W-r-S.SSt<J!)^XS^S3 5 *WLtl> 
■5. -eor. 1*2 1 4©&^®ttHi«r2 4 

tt. tB5(c^fS©i®W%PSWTSffi^3 4©T^*>6S 
E^34R0^? K3 3«Jtai/£l££*l lrttc^fflb 30 
TO£„ £/c v #*jg^§3 SiOTti, «&ft:#X©i& 

[0 0 5 2] c©j:s&*fiSi-rac KsPt# 
lf3 6RtfjBM4#*{£l&ie^3 7 T##**ig^§3 5 
#Xig£g3 5 ©«tfiPrtP6ig£;*7X <t 4 

xtx^9 f 3 3 ^o)mmn^bxwsm3 Amvrn* 40 

P>miSlS^l 3fflJ{CKffiL/cl!S-C^!toU. SB1R 
3rtKi«lH-r€>C<!:*s-CS-5>. SE^T. IB 1 S 
It^J^l 3rtCCi«mL./tig^^?:^3-&SC«!:{C«fc 
•5. SBlJSfSSJilSl 3Xn6M<Dj&m*JXiMZ&i$.TZC 
t&XSZ. ^-L-C. SBlEtfc^l 3*>f,?jfeA-rSlg 
S©8fl&#*ifc*«: . M^ffc*^ft*&ge« 2 5 5:5>L 
T#y&Ufcmf4^7k#&*&/MIiti:a@2 4©ttWP 1 

5*»6«i&lt. mnmtTkmzimmctsi-imftM 

[0 0 5 3 3 #56?I!©SB 4 ©**6©JgSg{c<fc& 7 50 
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^-U>S©l3i£i£{t3 l£&8bfc:7-7-U>8l©M 
SB 3 ©*iteow&8gfc:G&£ 7 ^ - u >S©SS3l 

[0054] ia5K7iVr<i:5K:. *^B§©IB5©ieSS<D 
0«§«:^5 7^-i^>ffi©Sji$l®3 8B, I9M8B1 7 
©ffeisH!W©*£I 1 7 a KflXtttf 6 ft. ®f&#W#* 

s n/cii^ #x w -r * tfc©>j">a© 

iSffl y XJl/ 3 9 #S*J8£:tet,>-CJfcJ&3 ftTU £^ y 

§4o*wr-si#i©^-^-*4 ucm&ztizctifi 
*mx8>z>. -e©/c&. i8j&&wj:3IBi©^-^-4 

lK-U>-C©a.lft9JU IB2©Slifi©Ji5Si(C^S7 7- 

w^©s3j»^# i o tm-vrntftrnmiam-ow^*: 

[ o o 5 5 ] ? #-m4 o sitc;^ 1 1 ©f4>frjc*t 
l -c Pto> Jitc-e ti-eti^ra w x eess nfc«m©3ES 

t^g4 0a4fU §»t»e«4 0 attig£*7*{&£lEW 

3 0a{CgMU-Ct»S„ L>X X m2(0^--f- 14© 
4^J^SRtfB*2 4«. §S««4 0 a©B£lBI£iioT:l& 

ljgft^^i 3*sabrieg$nTi^„ se-^r. st 

^&B2« 3 0 a L T§3B*K« 4 0 a tcm^T? Z> t . 
ig-&#X»&igtf{W4 0 a<D J ttl J ?tl<DmmsX*3 9 

*^iBiSfc^^i 3rt«:i«a-rs 0 c©/c*. ibis 

fc^^l 3rttci«tilL/tjg^X?:«^$-«iiCi{Cj: 
•5 . IB 1 M 1 3 -Ci©S©8Sj&#*ift«:0J<!RT£ C 
-e-LT. SBlSlt^«l 3^6ifeX^il« 
M©«S^^?S*{C V J!^^k*m«i»&i5 < g2 5^U 
T«*&U?cJ^4^fc*S*S/jNSttHlW2 4©lttttiP 1 

-r-5C<fc*iT#£. *^©IB5©3Ufe©^K 
^477-U>S©«ig^S3 8*«efflL^7^-U> 
3R©^*ffi«. m 2 ©H*fi©^lC#i 7 7-U>l 

©^jg^g i o zmm Ltcv?- \s>m<Dm&trmtn 

SWtcraD-C&5©'C»Si^SiBBti^BS'rs. 
[0056] *^W©IB6 ©Hite©^SSK:^47 7- u 

>S©aSJj§££g4 2 « v *5%BJCD»2 ©Hifi©^CC^ 

Z7 5-\s>m<DWimgimi ottmux. ibi©^'- 

^--4 3©«Jt*Jg>3:^-C(,^Ci!&Si^-C*5 0 -E-© 
«iS*W«C*IB 1 ©^'-^-4 3 {C-X>T©#t& 

i§l, ib 2 ©siie©0ag«:^4 7 7-i/ ymommmm. 
i o £m—<Dmti^micizm-(D$&ztti>xmMrj:t& 

7©fl^ffliJ©aiBl 7 aicmWt 6<T./tlB 1 (D^-i-- 

4 3 *i. 4 
^©/hS©iaai>'X;l'4 4ifif&ffl*:k^Xfcf£Ztltt 
IBl©^^y-§4 5i. IB 1 ©'n^ #—©4 5 <tt*ER 

H*WLI2g3 il^^X *«tB-r ^ ^©/j^©«m 

>X;l/4 6*5^^*jC>T^3nfcm2©^f 

4 7*«Ln»*. MtC. IB 1 ©^* 4 5 RO'IB 
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17 18 

n-t-14 ©£4v&tttti* 2 4tt, III 1 <D^ v >S©£/£$fr^£ft± 3t5Ci^-C*, 7^-U>S 

4 5 if 2©^ y-f 4 7 tlfi 1 7 a £*fi5CE.o£«C. S C itf-Ct 

[0 05 7] C©<fc5&f»t££-r£C<fctcJ:D. &ffi^ [0 060] ±IB. <2^D©j^^KJ:^7 ^- U 

^-4 5{Cttl&0'aW>'X;l'4 4^6J5lDjPl 1 WcW 5~U>£^©fcS>©M*4ttlWI— riSm^ItT* 

i3«2 2*/M.T^2©'x^^>-4 7K:m*&n«ai>'x sci^tft^ encmu *m*K&z>t®m$. 

;W4 6#>6J5tc*Jl l WciSW3-&2)Ci*s-cfr*. g j£©fc«>©jB5*4£. ;?7-u>S©S£®©/c#>©/!>*4 i & 

«ffi^X;P44, 4 6^P>«mu^^W^Xt^f4 SO^tc^-T-SC t1fi-C$Ztc#>. #icl^«-C75 

tutmuvmi a »t«siw©^ 2 sit^^ 1 e KifcA c 0 0 6 1 ] *hc. n>m 2 tB*s©7 ^ - v >m<DW& 

•TZo -€-LT, 01 Slc^l 3*>p>?SAT-2.1«S©*SS *&tc*»l»Ttt, 0 2 &J£?t«#1?l 1 &JCt^©Ti£ffiJ 

ggtfxs&nnc. iui4^iyK^«*&ie§2 5*^b-c«*& «:a>s©-c\ mz&G&Moyzkft&ipftmm-r^-cicto 

0fc^f4^bK^S^tta^2 4©tttBni 5^6 fcot-)l(cgoci*i-ct. c©^i^-c©^5r7 5 

CftifcUT. M»^t*^^BtK«c^)-fc^»-r^C 20 -l^>S©jR**s*A<!:^SJ:5^ft{cgHg5^-iC<b 

fete. #IS93©06©IS;86©Jg!8K:&*:7 Kiot. 7 7-U>»*s^£-rS««*SA(c)Alf5 

5-l/>3B©S3j^S4 2*«fflLfc7 7-U>«©S CiJ&Sf^S/c*. ffl^©j^^cifc^-r7 5-l^>a 

jg^ffitt. ^2©HSS©^SS«:^-57 7-u>S©ISJ§ ©JDUg#«KfcS. CtxicMLX, «£*©*Kj§Si£K:tet> 

[0058] *$m<i>mm<mm*:Wffluttifi> m&&j&-r s c iswoen-ci**. 

c©^©^fc»ue3ftSfc©-Ctt&< . [0062] »^3ia*S©:7 5-w>S©«tf£;*j&K: 

»H©BB4KBLjacu«B"ea«EttlII6-C*0. f? *»l»"CI*. 0 2Sl£fl««©iH«*«1 0 00'CeU:r** 

jffl*^fc-i*T*^©7 7-U>a©S?iS*^R^© 30 ZVZCtifiVZ. 7 7-U>S*AS(C»jt-r4Ci 

S814*»j5t-ri«^«>3|s^M©«l*0«liB'C*«. W*. *iTt4. 

tf . 05 ©^Sfi©Jg!^-C^ 9 4 0 4KlD*F 1 1 © [0063] «J*3®4 — 1 3 f2tB©7 5- U >S©$Sf® 

^-*4 5*02©^ » *-*4 7 *Si6jp 1 1 CDftfr rafiflBUtOTSMBJc* oT. JBft#*2lfcADBJK{k*X 

Rwrat^-c jgtc. m2©>-<-^- 1 4©/jNg 9-w>a*^BS?^4^2Sj£^i**w-ri©-c. mi 

tta«2 4*^f->u^ai«©w«Mi'cfwo. 03R 40 ftcmMvtmcDMw, immu(Xfom»M<ommm 

C^f4©SI*©»S8'C*fLSraJ*t4B«ltt©«aS^B-C KSgife-oT. 7?~w>SI£*Bic. 

[0064]«K, §S5fc315i24X©7^--U>S©Kie 

[005 9] MKMitB, ^2©^-^-©ttHiPB, ®2J5fc> 

imxomm s*^i~3iet2©^7-u>s©Sit 4m®±jMnccnim««b-c^«»efiK3n. m^t* 

SI61WS4. C©««^«©jftit»«:^<fcl/>tJH»« *4^t**©J»^»?«!^6^)SS-&47^-U>a©4X 

ffc**&Sl63«r7-7-U>a4^3-&*»2Rj£ 50 [0 06 5] tS*3S6IBtg©7 7-U>S©^it^S(C 
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19 20 

3i*-«K:#f»fifcm u-c&#B?-f 4#-c*. ^ ? 9-wx.vm2 ©-^ ? 9-wicumm^m#zRV 

iS<TSt<!:a«iJ#l4ft£. ^tJjScWS n/c^3S^W^^ ij^^^KlfcfttS^- 
LO 0 6 6 ] iS*57124S©7 7-u>!S©SSji$lg(c L-c-«ftiS-&tK&4ft-o-c!& 1 JSfc^tc#^3ti-S 

lsjs^^tcsat^-a-sci^-c^. jK^x*sis a. 

ra^rsiK^ffiSJstsc 4*«jffe4&*. -e© [0072] 1 3 tats©? 5- i/>s©ssBt§e§ 

{bjc^^M^^^ss-tis^^-u^s©^* ^{c^^wtf**®^"*©^ jjm&nt*mmft 

[0 06 7] »*js8 teifi©-? 7- b>s©s^js^stc m&wi&T? z><D*Vj£v$, B&&kit*m<Dmfm® 

fct,>T«. 01©^-^-©^* FU&nnmtfrhti: jfr6^3#&:7 7-U>S©iK*£K<-rSe£#pJ 

it*fH3ti5©-C, ^^«#X48M54#X=£^iI£ 20 [SBB©t£iiifrlftBjn 

3ti/c^T»isi£^«K:«*&-r-sci*ir#. mi) (a) . (b) te-en-en*^©^ 1 ©^ts 

*m 1 jsje^-csb ic^mm sttsci *«jfg ©^.^{c{^s 7 5 - u >»©S)§^s*®ffi u & 7 5 - 

-cs. m$fflt*&<Dmftmafrh&f&zii:Z>7'7~i< [H2] (A) . (b> w:-£ft^n#ffeiE©3i2©^ifc 

>S©iR$£i5<t-£C4*5nJ#&4;fc.S. ©^»CC«£7 5-l/>8©«jt§gH©»93eL ¥»rffi 
[0 06 8] »^9ISiS©?v-u>gi©i!(££gK: 

fcUTti. S^t*^iliJ4*^©il^iS 1 ©A- [S3] (A), (B) «*4ve4v&H£©*3©3Ett 

^-rtrfftoti. J»i©^-^-K««jRd«^4tt[ ©^m&£?7-u>®©S¥i§«®©l&9m 

#*A*f*#*A©ra£#S*RW*!*W**tt<. 7 30 [H4] *«B8©!II4 ©«»©«««:«* 3»*-U>« 

9- u>a©ws6B©«Wi%iB#«:r*c 4*s-c# ©sij^gcas^-uiKa-c**., 

[195] (A). (B) «**ve*a#»SB©ISI5 ©HJ! 

[0 06 9] iftlOB 1 0 IBft© >S©»jfi3£S ©gtttcff* 75-1/ >S©t*itSlg©t&BjJ@> ¥K® 

{c*5^r«. mm&mtfz tmxwzt tt^u^ s n-r Ht?*a. 

^» F©T»Ki»t^nfc»EEKK:wift3n"cc>*© [136] (a). (B) tt-e-n-eft#*Bj§©ifi6 ©3iifc 

-c, m©'<-:r-©tt&*iMUcr&c4«s-c*. 0 ©^«g{c^.57 7-u>ffl©^ji^g©iftBj|§i % ^pffffi 

[0070] h*jii iiatg©77-u>a©i{j^ig hwewmbj 

cc*ji»-c. 01 ©/t-^— he, ^»©/hg©i»fflyXA- 1 :01Jgj£?&i& 2 :02K{£3if«. 3 : 77-U> 

3«m**»t»r}K«3tifc^»y-**?ru. 40 s©^e^g» 3a:B&p. 4 : jRHft<t*xttfe 

e{CB^S^3nfc»^W^X4j|)8^^*i««&Sn P. 5. 6 : 7:«8f4#8&P. 1 

Tl>*©r. &^W#*4M&#X*^il£3ti/ctt 0 : 7 7-U>@©5etSlg. 1 1 :JSJc<F. 12:0 

tt?mKJffllFJ^4Mratttr*C4*s-C*. j»ft#X l©-*-*— . 1 3 : *1 JBCfftt. i4:J»2©'*- 

*»lSl6»lgirS*K^a»«3**CA3WWIB4tt 15:ttffiP. 1 6 : 38 2 1 7 : WJM 

S. *©*§*, ««©jKtt^tlfe<r0tin'-SC4«tr 315. 17a: 1 8 : SttttP. 1 9 : SSSBg. 2 
*. M»&{bfc3R©$l#ft?®J2P 0 : BBR$«#*«*&I2^ 2 1 :®3^r#*^X 

&©JK2£%lg< T£C 4*113184 &&. *. 2 2: ASH 2 3 : IKVWXsX** 

[0071] mem 1 2 ibis© 7 9- u>s©Sj£ssa 2 4 : ^hsttiu*. 2 5 : jmmtxstmet&m. 2 

cc*st,»-c«, mi<D'i—t~-it, wm&nrt^vkfo-r 6 : 77-i/>s©^a. 27 : 01 ©;<-•*--. 

*^O/jNS©ieWv'Xjl/*S|®ra*4Bl,>T^3nfc0 SO 28:^»F. 2'9:*ffiK. 3 0. 30a:S^ 



(12) f$Pa 2 0 0 3 - 2 2 1 2 1 6 

21 22 
m^MS, 3 1 : 7 7-U>$<DtU&gg. 32 : Sll * 4 0 : tt-'g, 40 a : 3S«@, 41 :f 

cr>/<-^-- t 33:^»F. 3 4 : §JEg. 3 5 : ^ 1 4 2 : 7 ^ - U 43: 

3 6 : K^WtfXtftteffie, 37:j»(4^ l&l©^-^-. 44:«m^X^ x 45 
3 8 : 7 5>-U>S<DKi££IB. 39:«tfl* 4 6 : «Hi^X;l/. 4 7 :l2Cv^-f 
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